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(57) Abstract: A process for easfly producing from an inexpensive material an optically active 2-thiomethyl-3-phenylpropionic acid 
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relatively easily obtained by an asymmetric reduction reaction promoted by an enzyme is cyclized to an optically active P -lactone 
derivative. The resultant derivative is reacted with a sulfur compound. Thus, the optically active 2-thiomethyl-3-phenylpropionic 
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3 - (3, 4- t^u-y*?***/? M /o^tyi^O. 

5 g N N AD P 2 . 5m g> ^Va^O. 5g»U 3 0tt24W 

20 0. 4 9g$r#fc«, GC (*7A:TC-FFAP 5mX0. 25 

mm I. D. (GLlM^^&ig) % ^P7-^:He = 30kPa, & 
ttj : F I D N *7^I^ : 1 5 0°C) fei^HPLC (*7^:Chi r a 1 
eel as W^;Wk&T.mm&.£tiM) s ^ib*B :^t^AV^^ 
98/2, : lmL/m in., ^WifcS: : 2 1 0 nm. % 7 

25 g:40°C, ttHilFI:Rfrl6. l£\S#18. 3^) 4^© 
it^UM t ft^nm&ftffi Ufc £ n a> fc^MJ? 9 6. 8 %, ft^fcfig 4 3 % e 

X H NMR (400Hz, CDC1 3 ) 5:6. 73-6. 56 (3H, m) , 



WO 2004/060885 PCT/JP2003/015821 

24 

5. 93 (2H, s) , 4. 12-4. 23 (2H, q) , 3. 76-3. 64 
(2H, m) , 2. 9 5-2. 6 9 (3H, m) , 1. 27 (3H, t) „ 
(#^0il2) (R) -2-tKP»^^-3- (3. A-tf-lsW** 

5 iM^HlfHBlOl (pNTCRG) gf£#^FERM BP-6 8 9 8 
& N 5OOmltSn77^='cf3-egitfc5Oml02XYT^i ( MJ 

1. 6%, Xh^^X 1. 0% N NaCl 0. 5%. pH=7. 

o) icifL, 3 7°c-ei 8&?r$Mk omm\^tio nbtht^mms somit 

3- (3, 4 -^^l^^^^^^^— T'a If ^ytif 
10 8 7 g, NAD P 2 7. 5m g, ^n^8 9gSr»U 3 0°CT* 2 4 B#Fb^ 

. 1 g£#fc„ ##M 2 £ ^<D^feT% $Lj&m<oik^mg. 

t %^nm*ft%T Ufc i: ^ it^nm 9 6. 5 96. 4 % e e T? 

15 (gliifeffl 1 ) (S) -2-^^^^/^^^7U^-^rV^^/U-3 - (3. 4 

^cfc M-UT#bft;f;:> (S) -2-t Kn^f;v-3- 
(3, 4-^fV^^^7x=^) /nt , t^xf;Px7T/l' (7 0. 6 
2 g N 2 7 9. 9 4mmo 1 ) *3j;t>*l- (58. 5 3mL, 41 

20 9 . 9 1mmol) % Wl^^ (6 3 0mL) U ^J&^SlF^g&Srlilf "C 

ibft^k^fc^ ■?l/?.;Vfo~;V (3 2. 5mL, 4 19. 9 1 mm o 1 ) £r#6 1 
. 5B#F B Wt-C^o< «T-r5„ ITI^Tf, 7Km^m«9^b, $b^2B#F^ 
. ffiW%mtttz.bZ.?>X*Eimm*— MfcZ'®.*). HPLC (*7A:Lichr 
25 o s p h e r e N : P ^8fc • V ^g£-7kPff# V V^W/T^: h~bV 

JV=1/1^ : 1 mL/m in., ^m^S : 2 1 0 nm, * y : 3 

o°o tzxftffi*n<>fct^zmmm£:i,x^rz 0 ^mmm^xm^ (4 

0 0mLX2) UfCo gfc?£$J fc#> Wl^>"C'ttta (500mLXl) U 
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UT#fc e ^©^/l^H NMRjoi^HP LCtt^Df ^5, SlJ® 

f&fr*T*fc5£fc«Tflfc»Lfc (9 2. 04 g,iS96. 18wt%, 9 5 
. 7 0%) „ 

X H NMR (400Hz, CDC1 3 ) 5:6. 71-6. 58 (3H, m) , 
5. 90 (2H, s) , 4. 3 3-4. 2 6 (2H, m) , 4. 13 (2H, m 
) , 3. 0 0-2. 7 4 (4H, m) , 1 . 2 1 (3H, t) 0 

iMMM 2 ) (R) -2- *#^*;Vifr^;\,j>r**/*^;V- 3 - (3. 4-* 

m*.t£&^M2<D£ 5^LT#bHfc (R) -2-tKp^f/P-3- ( 
3, A-t^-Xs^Vir**/? z^~jv} -7xi ^Hsr^m.^jv^^fv (7 5. 0 
8g, 297. 62mmol) «fc «9 ^tfeflij 1 £ R*©^feTRj«:^fTV\ ^Mit 

(1 0 2. 09 g> MS 9 2. 5 0 w t % s IfcSpS 9 6 . 0 %) 0 
*H NMR (40 0Hz, CDC1 3 ) 5:6. 71-6. 58 ( 3 H, m), 
5. 90 (2H, s) , 4. 3 3-4. 2 6 (2H, m) , 4. 13 (2H, m 
) , 3. 0 0-2. 7 4 (4H, m) , 1. 21 (3H, t) „ 

(MMMA1 (SJ - 2 #ZsX/Vifr=.A,±*i/*?-A'- 3 - (3. 4 - * 

(S) ~ 2 — p< ^ l/^JV-fo^jVjr^-y *=f-)V- 3 - (3, 4-^^l^^-^^-^ 
s>7l =^ (1. 9 2g x 5. 8 2mmol) N 

1 0 w t %J5f£^zMg?£ ( 2 . 8 5 g „ 2 . 9 1 mm o 1 ) ( 1 0 g ) \Z.M 

9 0°C-e^bfc o 2 0«tlfif«, mWH-hVVJ* (4 7 7 
. 4 1mg N 5. 8 2 mm o 1) ^Mx.^ MffiT> SfcifeSre^Lfc.. ^ft^j^l 1 
/3SJSiftofcii5^ (5 0mL) tr^^ N r^S:* (2 0m 

L) T'3|U^L^ 0 Sfc^&ffcH^^vU (3 0mL) TftjtfK ttW^i:5fe^^ 

4t5rtia^^/H:#fc 0 mSr x H NMRfc.fctm P L C (#7 
A : COSMOS I L 5C1 8-AR (^*7-f|t»i) , ^lfr*B : y y 
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^gfe-yjc** V V&fomWL (pH=2) /T*fe h~ h y^=7/3, gfgJi: lm 
L/m i n. N ^tttiSft : 2 10nm, : 4 0 °C) HX^Iflfci: 

£3. *Jgfc^«JT?fc5wfc«:?l»L;fc (1. 9 9g, MS6 7. 8 0 w t % N 
1ft ^ 7 6. 6 0%) 5 

5 1 U NMR (400Hz, CDC1 3 ) 5:9. 50 (1H, br), 6. 75 
-6. 63 (3H, m) , 5. 93 (2H, s) , 3. 0 7-2. 9 0 (5H, 
m) , 2. 85 — 2. 81(1 H, m). 

(jgjjfcfflU) (S) — 2 — * &>'*;vfc~;vJr* ; -/* s ?-;v- 3 - (3. 4 — .?* 



^7i=/V) ^nt't^xf/Vx7f/U (2 5 0mg, 7 4 0. 9 n m o 1 ) 
% 1 0 w t % p - h;Vxyx/V*y^7kit (7 2 0. Omg, 3 7 8. 4 /z m 
ol) (2. 5g) \Z.Mx., 7 0 °C-e^#bfc„ 6 5«tu9 0°Ct 

M£_tW\ $6,(C2 2^^ X SJJSSrtTofCo MfS-CiWfrau K»HPL 
15 C (^W^fetttt^lfefcla KlT##f Lfc£ ^6, HX^8 0. 0%X^mit 

J H NMR (400Hz, CDC1 3 ) 5:9. 50 ( 1 H, br), 6. 75 
-6. 63 (3H, m), 5. 93 (2H, s) , 3. 07-2. 90 (5H, 
m) , 2. 8 5-2. 8 1 (1H, m) „ 

20 (mmm5) (s) - 2- * ^ i^^ju^^/u^-^^^^-ju- 3- (3. 4-^ 



(S) -2-**^*/U7is~/ua-*ci/*?-sU-3- (3, 4-^^W^-^^-=¥ 
«>7i=^) ynWy|xf/H7f^ (2 5 0mg, 74 0. 9 ju xn o 1 ) 
% 1 0 w t %mm&1®Wi (181. 5m g> 185. 2 3 /jmol) ( 2 

25 . 5g) KM*.. 9 0°C*?4 «#Ufc„ ML*T*JfcJ&fe, RJtSJR^H 

PLC (dfrW^ttttSttM* 3 Ir! £) KlT^Lfctr^ HX^5 8. 0%T'^ 

*H NMR (400Hz, CDC1 3 ) 5:9. 50 (1H, br), 6. 75 




10 



(S) — 2—*#l'X.A'*—A'*-*?$'*?'A'— 3- (3, 4- 
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-6. 63 (3H, m) , 5. 93 (2H, s) , 3. 0 7-2. 9 0 (5H, 
m) , 2. 8 5-2. 8 1 ( 1 H, m) „ 

(mmm6) (S) - 2 - ^ ^ 3 - (3. 4-* 

5 (S) -Z-*$^/7.}V-fo^.;Vjr5rl/ff-)V— 3— (3, 4-*<^U^i?$-3r 

/Pk'ty|xf;H^r;M2 5 0mg > 7 4 0. 9/tmo 1) 
N 1 0 w t %W&ikTfeW. (90. 8mg, 92. 6 2 » m o 1 ) ( 2 . 5 

g) KM*.. 90»Cf49HF^ ii#Ufc 0 M^T'^^ gJSttHPL 

c (^*f^#^is^i3 <b(^o ^T^tffufc^r^,, nx^5o. o%x*mmi\: 

*H NMR (400Hz, CDC1 3 ) 8:9. 50 (1H, br), 6. 75 
-6. 63 (3H, m) , 5. 93 (2H, s) , 3. 0 7-2. 9 0 ( 5 H, 
m) , 2. 8 5-2. 8 1 (1H, m) 0 

(mMM7) (R) - 2 *ls^}Vib—;vi!r**s*^-;v- 3 - (3. 4-^ 
15 ^lsfJ3-3ri/-7^~/]s) •^'mif^-^m 

(R) — 2 — * $ ^^/V-7jN=/^^v'^^/U— 3 — (3, 4 — ^^-1/^^^-^ 
v^^-,u) /n^^i^x7r/M9 6 1. 8m g> 2. 9 1 mm o 1 

i£0!l3i:llC) iclT^Ufc^r^, mmik&mmm8 3%T-#e>;ft,TV^- 
20 i^rlfe^UfCo 

! H NMR (400Hz, CDC1 3 ) 6:9. 50 (1H, br), 6. 75 
-6. 63 (3H, m), 5. 93 (2H, s), 3. 07-2. 90 (5H, 
m) , 2. 8 5-2. 81 ( 1 H, m) „ 

(^#118) (S) -3- (3. 4-*?-U>'i?±*ri^<>'i?;U) -l-Hr^t 

25 -fe^y V 

(S) - 2 * ^^/^^/^=3rv'^^/k- 3 — (3, 4 — pt^txi/S^-^ 
f^zc^/l") yof^ (3. 0g N 9. 9 2mmol) ^lEfc^/v (27 
g) K*&fi?U 3 0%NaOH*^fm (1. 72g) N pH=8. 1 4 
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iitfco tlT'2 2^#U TKSSr^n- HCTB&:feU ^SSrTkT? 
?5fc^ LtK<£> p H = 6 £ * o it t C 5 tfft^S: J^T Ufc c # & tufc^a® 
ETx ^^L^fe^--f /V%#fc Q ^©^-f/l^H NMR^iOTPLC (# 
: COSMOS I L 5 C 1 8-AR (•TDvJftM) , &W]fa : V >^Wt • 

v 7km*}) tr&frmm (ph=2) /r-th-vv ;v=6/±, mm-. 1 

mL/m i n. > ^W^S : 2 1 0 nm x *7Ajag : 4 0 °C) \Z.XftVr Ufc 
ir^, TfcS^t Srffilfg: L fc (1. 9 2g N iR^9 3. 8%) „ 

X H NMR (400Hz, CDC1 3 ) 5:6. 78-6. 57 (3H, m) , 
5. 90 (2H, s) , 4. 35 (1H, m) , 4. 0 5-3. 9 0 (2H, m 
) , 3. 10-2. 96 (2H, m) 0 

(^ 9) (S) -3- (3. 4-*^UZ/V$-*j^<^JjU) - 2 

(S) -1-*Z^?.>Vfc~)Vjr*r*s*=r>V- 3- (3, 4-^^-1^^^^ 
S^atsAO ^nt"^-^ (3. 0g s 9. 9 2mmol) Srgfcifeic^vu (27 
g) U 1M NaOH^M^Px (4. 04g) , pH=5. 9 9 \Z. 

m&Vtc 4 0°CX«8H»U 50«£rHPLC (^tfr^tttt^*^ 8 i: 

i^o jcT^ufc^^^s ftmik&mmm 4 o. i%-?#b;h,-cvN5££& 

*H NMR (400Hz, CDC 1 ,) 5 : 6. 7 8-6. 5 7 (3H, m) , 
5. 90 (2H, s) , 4. 35 ( 1 H, m) , 4. 0 5-3. 9 0 (2H, m 
) , 3. 10-2. 9 6 (2H, m) „ 

(mmm io) (r) -3- o. -2-± 

(R) - 2-*Zs/Ud-3-*y*^/U- 3 - (3, 4-^l/yi?t^7x=;l/ 
) tr^" Vifc (267. 1 3 m g % 883. 67/xmol) <Sr^M 8 t mm 

X H NMR (4 00H Z) CDC 1 3 ) 6 : 6. 7 8-6. 5 7 (3H, m) , 
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5. 90 (2H, s) , 4. 35 ( 1 H, m) , 4. 0 5 — 3. 9 0 (2H, m 
), 3. 10-2. 9 6 (2H, m) 0 

mmmil) (S) -2-bKP^f;V-3- (3. A-^^U^^J^r 

M«#^1©J; ^^LT#fettfc (S) -2-tKo^r^^f^-3- ( 
3, 4->fvy^V7x=;P) -/nb't^xf^x^r^ (2 5 2. 
26mg, 1. Ommol) Sr^ y fcVU7;l/=i- ( 3 mL) Cij|t0 o 
C^£PU zk^Hb^ 1- V !7 A (80mg) (DtK^ (lmL) $r*Px.fc 0 
**0°CCT1 3^^«^bfc^, 7k (lOmL) SrJlJ;^ ^Sr^H^/U 
(lOmL) \ZXmftls1t 0 7kJS^^^TpH= l~3|cilt, g^^tf- 
/l^^TttHiLfc (10mLX2) „ ^7k^^^^ A^T^^, ^JEETn 

-HtfBLfc (2 3 1. Orng, 8 0%) 0 

X H NMR (400Hz, CDC1 3 ) 5:6. 75-6. 58 ( 3 H, m) , 
5. 90 (2H, s), 3. 80-3. 61 (2H, m) , 3. 00-2. 73 
(3H, m) „ 

(^Ml2) (R) -2-fcKn^^f;l/-3- (3, 4-*?-U^i?jr 

fflx.t£0^ffl 2(D& Ut#f)tlfc (R) -2-t Ko^r^^f;l/-3- ( 
3, 4-^l/y^^7i^) -7°nt°tyixf/Ux7r;> (2 5 2. 

2 6 m g % i . o mm o i ) «t t> njiS^i nt mmo&tix-z&snk&to&wt ( 

2 2 4. 0mg N l|X^9 5. 8 0%) , 

X H NMR (400Hz, CDC1 3 ) 5:6. 75-6. 58 ( 3 H, m) , 
5. 90 (2H, s) , 3. 80-3. 61 (2H, m), 3. 00-2. 73 
(3H, m) 0 

(jlil3) (S) -3- (3, 4-*^Ul/i?**ri'"<>i?/U) - 2 
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(S) -2-tKn^f;l/-3- (3, 4 -^W^^v^^^/I^) 
^BWyi (2 5 0mg, 1. 04mmo 1) ^iifi^ fh7tKa7 
9^ (2. 5mL) fc»j)fU -5°CH^tfc 0 hyxf/WT^y (144 
. 9 6 ix L. 1. 0 4mmo 1) :fcJ;TJ^ p n ^gfcai^vi/ (9 9. 3 5 /iL, 1 
. 0 4mmol) §r^Px. N -5°CT^#bfc 0 1 5 ?&S£r 0 ° C i£±*f % 

$ 1 5#SJ&£fTofc 0 HPLC (^*f^#«HJiS0iJ 8 t m C) 

fc 0 *H NMR (400Hz, CDC1 3 ) 5:6. 78-6. 57 (3H, m 
) , 5. 90 (2H, s) , 4. 35 (1H, m) , 4. 0 5-3. 9 0 (2H 
, m) , 3. 10 — 2. 96 (2H, m) „ 

(mmmi4) (s) -3- (3. 4-^^-^^^^-^^^^^m -2-* 

tifl^TN MJ7x-;U*77^y (2 6 2. 3mg N 1. Ommol) 
5rrb7tKn77y (4mL) }c?£fi?U - 7 8 °Ctc^*PLfc 0 7/^^ 
^^y/n^x^f/U (2 0 2. 2mg, 1. 0 mm o 1 ) Or b 7 t K 

(4mD l o^^ttT^Tbfco ?iST^-T^> $biao^ 

*#U (S) -2-tKc^f/l/-3- (3, 4-^l^-^-=3rv'^ 
ynWyi (2 2 4. 0mg x 1 . 0 mm o 1 ) Of h 9 t K n 7 7 ^ 
(4mL) M^10^i7tlTtfc o iffiTif&T^ 2 0^U ^fifr- 

iu^f)t3 mmmw u/c sct^ hplc (##t ^mtmmm stmc 

LfCo X H NMR (400Hz, CDC 1 3 ) 5 : 6. 7 8-6. 5 7 (3H, 
m) , 5. 90 (2H, s), 4. 35 (1H, m) , 4. 05-3. 90 (2 
H, m) , 3. 10-2. 9 6 (2H, m) „ 

mmmi5) (s) -3- o. -2-^- 

g*#ffl^T, (S) -2-t (3, 4-^^1/^v 5 ^- 

^7x=;v) /nftyi (116. 4m g , 1. Ommol) ^kl^y ( 
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lmL) t^<5?Us - 2 0°C^*pUfc o Mitt * l/*;Vfr^jV (0. 12m 



(^lil6) (S) - 2-T-fe^-y^^-^^/U- 3- (3. 4-;*^W^ 

^f#ffl^Ts (S) -3- (3, 4-*<?U^i?*3ci/^^Z?sU) -2-Jt 
10 ^ir^y^ (0. 80g, 3. 88mmol) & (l2mL) SoJ^tK 

(4mL) ©MtldPx., ^3-ffimUV$J* (6 6 5. OOmg. 5. 8 2 
mmol) Srinx., 4 0°C[C»Lfc„ 2NfFb^, 5°C^?££PU 9 7°« 
£r#P;tpH= l trips bfc 0 TtcJg^ig U $ e>^aofc^mjS^r 2|H7Kgfebfc 

wi:S:$Smbfc (9 3 7. 0 0mg % I|X^8 5. 5%) 0 X H NMR (4 0 0 
Hz, CDC 1 3 ) 6:6. 78 — 6. 57 (3H, m) , 5. 90 (2H, s 
), 3. 22-2. 79 (5H, m) , 2. 32 (3H, s) 0 

(mrnmu) (s) -2-t^^jv^^-^^/v-z- o. 

l^#lf5T> (S) -3- (3, 4-*^U^i?**ci^<>>i?;U) -2-Jr 
3rir*/ V (0. 8 0 g> 3. 8 8mmo 1) SrlMfct^/l' (1 2mL) *3j;t* 
7K (4mL) (Dm^-^J^^M^ V $ J* (665. OOrng, 5. 8 

2 mm o 1 ) *Mk.^ 4 0 0 C Lfc. 2 B5W£x 5 ° C fc^*P U 9 7 

25 ^Dx:pH=itiiLfc 0 fcm&mm^ <* e> tz.mmm * 2 m^m l 

C (^77^: COSMOS I L 5 C 1 8-AR (^7-Y^fc^) , ^Klffi : V 

ism- v ism-*m%}) v&Tkmm. (ph=2) /t^y-yd/\s=i /z, m 



9%T?£f&U (S) - 2-* 3 



(3, 4- 
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it : 1 mL/m i n. % ^(±J^S : 2 1 0 nm, % y J»mM :. 4 0 °C) 

m^tctzz, mmit&ya&nhinx^zz. t^mm^ft 027. oom gN 

i&m 8 4. 6 %) 0 

J H NMR (4 0 0Hz, CDC 1 3 ) 5 : 6. 7 8 - 6. 5 7 ( 3 H, m) , 
5 5. 9 0 (2H, s) , 3. 2 2-2. 7 9 (5H, m) , 2. 32 (3H, s 
) . 

(MMM18) (R) -2-7tf;W^f/V-3- (3. 

(R) -3 - (3, 4 -^V^v^^ri^^vW -2-^-^ir^y>- (2 
10 4 0mg N 1. 16mmol) &r||j&0i| 1 6 £ |fg$l<£>;fr?$fe-?fTV\ RfoWZH P 
LC (^«f^#f*IWSM 8 H3 CO ^)B^ftdSJRJ*S8 1 

X H NMR (400Hz, CDC1 3 ) 5:6. 78-6. 57 (3H, m) , 
5. 90 (2H, s) , 3. 2 2-2. 7 9 (5H, m) , 2. 32 (3H, s 
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-figs; (D 




OS0 2 R 2 



R 



OH 



(D 



5 



(5fc* % *lt^il^^t, R 1 tt«fc£&^L-CVNTt>&^:7*=/i'2£ 
10 (2) ; 



15 tt<0fi3§&. 

3. tIIliLTb;uxy % 3^>-t^ N T - y _ /K Mfcs?- 

5 . ^fcSJ&S: pH4~l 2 Of£ffl-efT 5 8&3fc^ 1^&3 <D^iTtlfa\!im$,<DM 
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/vyot'tyiilP, -fiW (3) 




OR 3 



(3) 



5 /^=3r/^S*fc^iC 6 ~C 20 <7)@^S^WbTV^T 1 b^:V^C 6 ~C 20 (DT U — 
^tv^H&^s -flSifc (4) ; 



10 nyy|»»Ht#ttl5-«SS (5) ; 

X>S0 2 R 2 



(5£f, R\ R 2 . R 3 f»l2i:^IC) fi^5mi4 2-^;v*^ 

is 7. aptk^st^ s^sk it^s mm. p - b/^^^^/^^m. 

ti5 1 fete 2 «E*_L<0««rffi V»Tfx 9 6 lB«<0»3&ifc. 



R 2 S0 2 X 



(4) 




o 
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1 2. — flgxS (2) ; 




R 4 SR 5 (6) 

«m£S^^UTV^Tt>SV^C 2 ~C 2 o^Tv'/^S*7c:}«m£^#b-r 
r<k^#mi:-t-5-^ (7) ; 




o 



13. BtrfB^: (2) T*^$^s^^tt/3-7^ h^mwfct>m&mifrb 1 1 
i 4. R 4 ^7K^^^f C ^^ y $j»m*T~hzm&mi 2&tim 315^^0 

16. R 1 ^^-,!^ 2, 3-p<^V^v ? ^-=3rv'7ai^/l.S. 2, 3 
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Ul/%?d-**/7^~/um. 2, Z--7v\£\sl/VJr*r*/7 au~;V^ 3, 4-^ 
f^yv f t^r^7x=;H, 3, 4-^<?-U>i?3-*i/7±=.svm, 3, 4-^ 
n \?Ul/x?jr*i/7 o-hV s^m, m- f V /H, p-MJ 2 

, 3-=3ri/y;H, 2, 4-^-^JJ/l^ 2, 5-=^iJyl^> 2, 
^ 3, 4-^->!J/WS % o — y^/ =^v-7 ^i=/U£ s m-7^y - 
p-7xy^i/7x=^l, o ^-/^^ m-7x-;k7x 
p-7x^7x^I, o-^BB7x=;l'I, m-^nn7x=;l/ 
p-^ao7x=;l/S N o -70^7x^2, m-7n^7x^l/i N p 
-^n^E-^^^/^ N o -7;V$-W7 z^^;vm, m-7^i-P7x-;l/i, p - 
7;UtD7x=;H, o - ~ h n :7^^/l^ s m - - h P7x-;H, p h 
D7xn;H x o-i/7;7x=;H > m-v , r7 7x-;H x p->>7;7x 

e/7x=/l/S, o h^ri/^ai=/^ N m-7 b^iy^^— h *r 

v^oic^/l^ 2, 3-i^7 h^^^o^/i^ 2, 4-^7 hdrv-^^r^/PS 
„ 2, 5 -i^7 hdriX^ai=7^ % 2 , l^v^^^/i^ 3, 4-i? 

^ h^^7x=;l/S > 2, 3-v ! 7/^o7x=;H, 2, 4-^7/^a^ac 
-^S, 2, 5-^7^P7x^H, 2, 6-^7/^P7x=;H N 3, 
4-'77/^H7x=^S, 2, 3 -i^t Kt3dr^7oi=/kS N 2, 4-i?kK 
n^7x=;>S, 2, 5-i?t Kn^>7x=/H, 2, Kn^7 
^~/i^*5£TJ«3, 4-v^fc Ko^i/7x=/H^t,^5|ff J; 9 iiiR^fr^-f 

17. R 1 ^^^^ fete 3, 4-7^-WVv f ^-^^^^=^£-C*feSlt^ 
1 8. BUlBS: (2) T-^frSft^tefl - ^^ f^f§##:tf5 x — #55 ( 8 
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15 
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(8) 



3- (3, 4 - is V y zr.=-jv) zfu t°*^mw§m&&mk£itZ> n 

1 9. ttrlB^ (8) T*3t£;ft5?fc^?&tt2 - Kn^rWf;V-3- (3, 



(9) 




tlS^?5i42-t (3, 4 \sl/*J**rl/Z7 a^—JV 

2 2. ^^m^^lfe^J-iBg^RX'feSlt^l^b 2 OOV^-ftL^^IB^ 
2 3 . — jftsS (10) ; 

i— o 

(10) 



20 
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2 4. R 6 #S2, 3 — ff-X/Z/*?^-*^-? ^—/V^ 2, 3 
5 2, 3 -yn tf Vyi>t^^7x=^S, 3, 4 - ^ ^ W^v 1 ^-^ 

v^7x=;I/g N 3, 4 -^^■l/^v ? ^-=3rv'^^=/PS N 3, 4 -:7°p fc° l^i/i^ 

/I'M, 2, 4-^^!;/^ 2, 5-*iyy /um, 2, 6-^->v sum, 3, 4 

10 x7^rv'7x=;l/l > o -7x=;I/7x=/l'S, m-7x-;i/7x=yl/I, p — 
y aL~>vy z^^-jv^ o-^oo7x^S, m-^PD7x=;vS s p p 
n7x=/VS, o-7*B ; e7i=/Vl, m-7"n ; e7x^/VS, p— 7"nt7i 
o — ^3i^/^S> m — p-7;l/^-D7x 

=/Hs„ o-=hn7i=;l'i N m-=ha7x=/V$, p-=bo7x=/l/S 

15 s o-i/7 7 7x=;uS, 7x=;l/I % p-i/J^x^I, o — 

t Ko^i/7x=;H, m-fc Ko^r^7x=/H, p - t Kn ^—/l^K 
„ o— h^rv^7^^/l^S N m— ^ h^v'7x-;l/|, p — p< b dr->^ ^c^/^ 
\ 2, 3-v>^ J^v-^-/^ 2, hdr^7x-;H N 2, 

hdri^^ai^/PS^ 2, 6 -*J * b ;c=/U2S % 3, 4-v ? ^h=^v'7^ 

20 =/l^ N 2, 3-v?7/I/tD7x=;H, 2, 4-^7/^0 7x^1, 2, 
5-^7/Vtn7x=/H, 2, 6-i?7;Vtn7x^;H, 3, 4-i?Z7;Vif 
0 7x^/1/1, 2, 3 -S?fc Ka^^^^—Zl^ 2, 4-^tKo^77x = 
2, Kn^^7x=;l/i, 2, 6-$?t KndfV7x=:;Hij3j: 

XIZ, 4-i^t: KD^e/7x=^P)^5||J; 5 v^tt^©S"efe 

25 5 » jft^ 2 3 IBSOfc-a* 

2 5. R 6 tfS3, 4-^^-V>-v>^-^^7x=^STfeSlt^2 312^^^ 

2 6 . — Jtt5£ (11) ; 
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OS0 2 R 
. ^OR 3 



(11) 



2 7. R 2 tfS. ^^^S, p-by;H, :7^~/WS N ^S^/HJf-fctt h y 7 

10 2 8. R 3 #S;*^Vi^ t -^/^-efe^lt^3S2 6 ^fcf*2 

7 ©VN-r^dMClBtt©^^. 

2 9. R 6 tfS3, 4-^fky^^V7i^/VS > 3, 4 — ac^- \s is 

/WS> p-M)/H, 2, 3-=3r^y/VS, 2, 2, 5 -*ciS 

15 P/l^Ss 2, 6— =¥ixy/^S> 3, 4 — 53f^U m 
-^pp7i=/1/I n p-^nP7x^;H, o — 7* m — 7*p 
; &7x=;kl > p -7n^7x=;i^l N o — ~7 j^^rn 7x^;>S, m — Z7 ;vJrxi 
7x^;l/I, p-7/l'tn7x=;H > o-^fP7x=;H, m-=l«n7x 
— /U3^ p - — b n 7^^7V-S, o-v'7;7x=;H, m-i/7;7x=;>i 
20 N p-^7/7x=/Ul, o-t Ka^7x=;Wl N m -t Kn=3ri/7x=/W 
I % p — t Kb^>7x=;I/S % o-^ h^v^^^/Ug^ m — ^ 
/^m, p h5->7^~;um, 2, h*i/7 ^~sum. 2, 4-i^^ 

2, b^^7x=^S, 2, 6 - h =3r^7 



p 
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3 0 . — (12) ; 



OH 



OH 



(12) 



5 «3*L*3fc5*i£t9i2-fc K n f 3 - 7 x ^yi/^n t yiH^flf, 

3 1. R 6 #52, 3->fVy^S/7xs/Ui % 2, 3 -^^V^^^r^ 
7x-;I/S % 2, 3 -^n t°lx^-^^-driX7^^/^ N 3, 4 — ^ U^x?$-*r 
i/7x-;Ui, 3, 4 -^^-l^>'^^-dr^^^^/^ N 3, 4-7otfI/^7t 
df^7x=;H, 2, 3-^i/'J;H, 2, 4 -*riy V 2, 5-=¥->y/l- 

10 K> 2, 6—*Z/]);Vm, 3, o-^nnyx^/H, m-^ 

-/I'lx p-7/Uto7x=/H > o-=hn7x=/H, m-=ho7x=;l' 
p-^bD7x=;H, o-i/77 7x=;H x m-^77 7x=;l/Ss p 

15 — *ST J ~7 z^—)V^ o-t Ko^7x=;ki x m-t Kp^7x=;WS, 
p— fc Kp^V7x=/H, o - ^ b^Ss? x^;>i, m-^ h^f V 7 « 
^ p h=¥^:7cc=/l^ 2, 3 b^r^^^^/um, 2, 4-Z?*b* 
^7x-;l/S > 2, 5-^f^rv/7x=;H N 2, 6 - >M h 3^>:7 X ^;H 
*5£0*3, hdri/7xn/H^f)^5i < fc 9 38^$*b5V>"ftL^i©ST» 

20 fc 5 fftsfcJS 3 0 fB*<0fl5-£4&. 

3 2. ^^^il^-<D$S*fiae^ST'fc5»^2 3^b3 1 (DI^Tft^fciE 

3 3. ^^r^^J^^<^|6^-IBg^RT$>5»^:^2 3^6> 3 1 ©Vvfttfl* 



